Abstract.

1
In the model fungus Aspergillus nidulans, asexual development is induced from 2 vegetative hyphae by a set of early regulators including the bZIP-type transcription 
INTRODUCTION.
1 Cellular morphogenesis can be defined as programmed gene expression changes 2 that lead to the development of specialized cell types. Basic eukaryotic morphogenetic 3 mechanisms are commonly studied using fungi as models. Aspergillus nidulans is a non 4 pathogenic fungus that is phylogenetically related to clinically important species (A. oryzae. In addition, it is the main reference organism in basic studies of asexual 
13
Some of them are specific to the morphogenetic process and control the later stages 14 leading to conidia production. brlA, the first development-specific transcription factor The specialization of vegetative hyphae into asexual reproductive structures is 19 induced by exogenous and endogenous stimuli (Fischer & Kües 2006) . This requires the 20 existence of an efficient genetic mechanism to guarantee that these cues are correctly 21 transduced into signals that activate the CDP pathway. This role is played by Upstream To gain better understanding of FlbB activity and identify new transcriptional 10 targets, we sequenced in this work the transcriptomes of a ∆flbB mutant and its isogenic 11 wild-type strain at specific stages of the A. nidulans life-cycle. Results indicate that
12
FlbB has an important role not only on the induction of the asexual process but also in 13 the repression of a premature induction of sexual development. The inability to induce 
MATERIALS AND METHODS.
1 Fungal strains and culture conditions.
2
We used for the RNA-seq experiment A. nidulans strain BD143 (Etxebeste et al. 3 2008) as an flbB null mutant and strain MAD2666, which was provided by Dr. A.
4
Markina-Iñarrairaegui, as the isogenic wild-type reference (Garzia et al. 2013).
5
Obtaining of vegetative cell samples and the induction of asexual development was 6 conducted as described previously (Garzia et al. 2013) . Two biological replicates were 7 processed for each culture condition and strain. Oligonucleotides and strains used are shown in Tables S1 and S2, respectively.
11
Transformation of A. nidulans protoplasts followed the protocol described by (Tilburn 12 et al. 1983 ). The revertant strain for the null urdA mutant was generated by 13 transforming protoplasts of this strain with a genomic cassette bearing the urdA ORF 14 plus its promoter and the 3´-UTR region. The selection of transformants was done using 15 5-fluoroorotic acid (FOA; 2 mg/ml; Apollo Scientific) and the homologous 16 recombination of the construct at the urdA locus was confirmed by Southern-blot.
17
Northern-and Southern-blot experiments (oligonucleotides for probe generation are 18 shown in Table S1 ) were done as previously described (Garzia et al. 2009 sample was tested in triplicate and included a control lacking reverse transcriptase.
11
Specific probes were designed and employed in qPCR assays
12
(IDT Primers and ZEN double-quenched probes; http://eu.idtdna.com/site; Table S1 ).
13
These probes were designed taking into consideration the sequences obtained from the 14 RNA-seq experiment, which coincided with those obtained in a second, independent 15 cDNA sequencing of An7895, An7896 and An7901 (Table S1 ). qPCR assays were 
RESULTS.
1 flbB deletion results in a broad transcriptional downregulation.
2
To determine the appropriate time point to compare wild-type and ∆flbB (orange square in Figure 2 ) and 4-5 hours after the induction of conidiation (red square).
8
The UDA expression peak observed at early asexual development preceded the At VG, 1,112 genes were upregulated with FlbB activity (higher transcript levels 9 in a wild type than in a ∆flbB; log 2FC > 0) while only 56 were downregulated (log 2FC 10 < 0; Figure 3A and red color in 3D, Table S5 ). In contrast, AD samples showed 311
11 genes upregulated and 75 downregulated when FlbB was present ( Figure 3A and 3D, to their expression profile (EP). Figure 3E shows a heatmap corresponding to the 22 expression levels of significantly deregulated genes included in Tables S5 and S6 . We 23 focus here on three EPs. Figure 3F corresponds to EP1, comprising genes significantly upregulated in a ∆flbB background in both stages, but mainly in AD. EP1 includes some 1 of the secondary metabolism genes that will be analyzed below. Classes EP2 and EP3 2 comprise transcripts strongly inhibited in the null flbB mutant ( Figures 3G and 3H ).
3
Those in Figure 3H belong to class EP2 and display in the wild-type higher expression 4 levels in both VG and AD. Figure 3G shows class EP3, genes with low or very low 5 expression in VG which are induced at the beginning of conidiophore development. Thus, it could be interpreted that genes of class EP3 encode protein activities required 7 specifically during conidiation (see below).
8
We also analyzed the Top20 genes with the highest (upregulated by FlbB; log 9 2FC > 0; in red) and lowest (downregulated by FlbB; log 2FC < 0; in green) log 2FC secondary metabolite clusters and 2) developmental genes.
23
FlbB is required for the expression of four secondary metabolite clusters. 24 The induction of asexual development requires the activity of specific secondary Table S7 shows significantly regulated polyketide synthase (PKS) and Table 1 ; see also Figure 3F ).
20
The expression behavior of the dba cluster was confirmed through qPCR 21 analysis for the VG stage and the following cluster genes ( Figure 5A) three dba genes in all aconidial strains assayed (p < 0.05 in all cases).
4
Synteny and Blast analyses showed that the dba cluster is not conserved in other
5
Aspergilli ( Figure 5B ; Figure S6 ). However, all genes from An7893 to An7903 matched 6 the position and orientation of their orthologs in another gene cluster in Talaromyces   7 stipitatus (Figure 5B and 5C; Figure S6 ), another soil fungus. We also found metabolic contained orthologs of most of the dba genes. However, those genes displayed different 10 relative position and orientation compared to the dba cluster ( Figure 5B ).
11
The metabolite linked to the activity of the dba cluster, DHMBA, has shown Figure 6A ; see Materials and Methods).
19
After 48 hours of incubation, ∆flbB hyphae colonized the agar surface and formed aerial 20 hyphae (black arrowhead in Figure 6A ), in sharp contrast to those of the ∆flbB;∆dba 21 strains, which remained submerged in the co-cultured region. Bacterial load in the Global analysis of FlbB activity in the regulation of genes involved in asexual 8 development.
9
Considering that A. nidulans conidiation genes can be grouped accordingly to 10 their participation in the upstream developmental activation (UDA) or as brlA-11 dependent (CDP) factors, we summarized the expression levels of these genes in Table   12 2. Within the UDA pathway, we identified 3 putative targets for FlbB, all of them 13 upregulated by the bZIP. The role of An4394 will be analyzed separately below. We Finally, the expression pattern observed in this work for ivoB and ivoC, which FlbB activity is required for the expression of An4394, coding for a putative HLH-
type TF that inhibits sexual development.
20
The list of significantly regulated UDAs shown in Table 2 included the gene
21
An4394. According to the RNA-seq data, An4394 displays an EP2 expression profile
22
(see Figure 3H ), which meant that its transcription was strongly inhibited in the ∆flbB 23 background at both VG and AD (Table 2 ). In addition, the Aspergillus genome database 24 (www.aspgd.org) described that its orthologs were involved in the positive regulation of 1 asexual development (see also Table 1 ). Thus, we decided to evaluate a putative 2 regulation of An4394 expression by factors from UDA or CDP pathways ( Figure 7 ).
3
Northern-blots showed an increase of An4394 expression after the induction of 
16
Since nsdD deletion bypassed the need of UDAs (but not CDPs) for conidia production, It is known that development is tightly linked with the production of SMs. The (Figure 9 ). An induction of the dba cluster has also been reported, on one hand, Phylogenetic tree (Mega software) linking dba cluster genes with T. stipitatus othologs. An7895/cipB and An7898/dbaD in wild-type, ∆flbB, ∆flbD and ∆An4394/urdA strains at Conidia and cleistothecia production by the parental strains (WT and ∆flbB) and 
